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Abstract
The aim of the present study was to evaluate
the effects of vermiculite-based feed additives
used in fattening pigs on the concentrations of
nitrogen compounds in manure and atmos-
phere and upon measures of pig production
efficiency. The trial was conducted in a fatten-
ing unit representative of Italian commercial
units. The pigs were routinely fed twice a day
with a feed ration identical for all the pigs
except for the addition of the vermiculite addi-
tive (group A). During the fattening period,
the evolution of atmospheric ammonia con-
centration, total nitrogen, ammonia and
nitrates of slurry and pigs live weight gain
were evaluated. The inclusion at very low
dosage of vermiculite-based feed additives in
fattening pigs increased the nitrification activ-
ity in the treated slurry. No reduction of the
ammonia emission was obtained. The average
growth rate of the treated group was higher,
whilst the feed conversion rate was similar in
both groups. 
Introduction
Intensive pig production systems produce
large amounts of waste contributing to land,
air and water pollution, the origin and level of
polluting substances have been monitored in
many countries. Wathes1 has described the
dynamics of aerial pollutants in pig houses and
has identified in dust and emission gaseous
compounds of low molecular weight arising
from slurry the two main causes of environ-
mental pollution as well as of deterioration of
human and animal welfare condition. For this
reason it is now an important goal for the
whole pig industry to reduce effectively the
emission of such compounds. To achieve this
reduction several techniques for abatement
and control have been trialed, however the pro-
duction and emission of polluting gasses and
dust are still difficult to keep under control.
Previous authors investigated ways to reduce
polluting compounds arising from slurry by
modifying the composition of urine and feces
mainly through modification of diet, in fact
several papers2-5 have shown that lowering the
crude protein (CP) content in the diet and thus
the N intake can reduce significantly the urea
and total N excretion. Others research groups
increased the dietary crude fiber content to
obtain similar results of reduced nitrogen
excretion.6-8 Therefore it has been well estab-
lished that applying multiphase feeding at
reduced CP levels and increasing fiber content
can achieve a highly significant reduction of N
excretion. However the majority of pig produc-
ers tend to use a single feed throughout the
entire rearing period, as it is perceived to be
cheaper and simpler to control. As a conse-
quence, the concentrations of excreted nitro-
gen in the manure increases progressively as
time passes and feed energy is not utilized
efficiently by the pigs. Due to this fact, some
authors have focused their attention on the
use of feed additives to obtain similar results,
in particular feeding zeolite minerals to grow-
ing pigs to reduce intestinal absorption of
ammonium (a) or (salts) and the conversion
of ammonium to urea, which resulted in
reduced excretion of nitrogen with urine.9,10
Vermiculite-based feed additives have been
developed with enhanced cation exchange
capacity, thus supposed to be more efficient
than other clay minerals, however, no litera-
ture is available showing the effects of vermic-
ulite neither on the reduction of emission of
polluting compounds from slurry nor on the
possible repercussion of the inclusion of ver-
miculite in the diet on production performanc-
es. In the majority of the investigations using
other clays (tectosilicates), the levels of inclu-
sion were between 2 and 10% of the feed
weight, the inclusion rate of vermiculite used
in this trial was 0.007%. Hence, the present
survey aimed to establish the effects of vermic-
ulite-based feed additives used in fattening
pigs under commercial conditions, on the con-
centrations of nitrogen compounds in manure
and atmosphere surrounding the pigs and
upon measures of pig production efficiency.
Materials and MethodsExperimental design
The trial was conducted over a 5 months
period from the beginning of March to the first
15 days of July, in a fattening unit representa-
tive of Italian commercial units. All the pigs
included in this trial were sourced from the fol-
lowing crossbreeding scheme: female parent:
Large White-Landrace cross, male parent:
Duroc pure breed. The pigs under trial were
divided in two groups: treated (group A) and
control (group B), by age and weight. During
the growing period prior to the beginning of
the trial, all the pigs were housed in two sepa-
rated sites according to age criteria: from birth
to the weaning the piglet were housed in the
grower unit, where, within the first week of
age, all the males were castrated and both
males and females received an intramuscular
injection of cephalosporin (Ceftiofur®) and Fe
destrane; the pigs started the weaning period
at 21 days having reached average body weight
of 6 kg, at this stage they all received a second
intramuscular injections of cephalosporin and
the mycoplasma one shot vaccine Ingelvac®
M.hyo. During this period the animals were
fed a weaning complementary feed for 15 days
containing amoxicillin trihydrate (400 ppm),
colistin sulphate (120 ppm) and zinc oxide
(240 ppm) until they reached the body weight
of about 12 kg, then up to the weight of 20 kg
were fed with a starter complementary feed
containing amoxicillin trihydrate (300 ppm)
and colistin sulphate (120 ppm), finally from
20 to 56 kg the complementary feed composi-
tion was changed as the antibiotics were
removed and acetic and formic acid were
added as acidity correctors. From the weight of
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56 kg up to reaching the expected slaughter
weight of approximately 160 kg all the pigs
were moved to the fattening unit, which is the
subject of this trial. The unit was laid out as
follows: four identical barns of rectangular
shape measuring 80×20 m capable of accom-
modating 800 pigs each, the four buildings
were laid out in two pairs aligned side by side
along their major axis and separated by open
space. The interior of each barn was subdivid-
ed into 40 rectangular pens with a surface of
25 m2 each aligned in two rows of 20 pens, a
passageway 80 cm wide separated the two
rows of pens. This passageway was used to
inspect and handle the pigs to perform the
individual live weight check. In each barn the
group under trial was housed in 4 designated
pens, in batches of 20 pigs, chosen at the cen-
ter of the building and separated by sex. Pens
1 and 2 housed female pigs and pens 3 and 4
housed male pigs. Once housed in the desig-
nated pens the pigs were not moved out except
for the weight check and on the day of slaugh-
ter. It must be highlighted that the pigs of all
groups in the trial were housed during the
rearing period -so up to 56 kg of weight- on two
different kinds of floor: the group A (treated)
was used to living on a fully slatted floor,
whereas the group B (control) was used to liv-
ing on a solid floor with access to a defecation
area on slats and thus a condition similar to
the trial unit. All four barns were managed
identically and pigs were routinely inspected
twice a day by a trained stockman to check
health conditions. The pigs were routinely fed
twice a day a liquid broth pumped in the feed
trough automatically, the water was available
ad libitum by mean of nipple drinkers fitted in
each holding pen, the composition of the feed
ration was identical for all the pigs except for
the addition of the vermiculite additive which
had been regularly incorporated since the day
of arrival at the fattening unit only in the
receptacle dedicated to fill the troughs of barn
number 4, the components of the diet mix are
detailed in Table 1.Measurements of atmosphericammonia concentration
To evaluate air quality in the housing barns
three measurements of the atmospheric
ammonia concentration were taken at 50 days
interval in barn 4 and 2 by means of a Draeger
Tube apparatus (Draeger Instrument Safety,
Inc., Pittsburgh, PA, USA). During measure-
ments the sensor was placed at about 60 cm
from the floor level, as it was approximately
the distance of the heads of the pigs from the
floor. The pigs of group A (treated) before
being moved in to the fattening unit under
trial were used to being housed in the rearing
unit in pens fitted with fully slatted floor sys-
tems and thus were accustomed to a different
excretory behavior from the pigs of group B
(control). This situation was expected to cause
a difference in the cleanliness of the floor
which might have resulted in variations in the
atmospheric ammonia concentration, thus the
floor cleanliness was assessed at the same
time as the atmospheric ammonia measure-
ments by recording the number of fouled pens
and the fouled area. The total fouled area was
calculated from the dirty area relative to the
total floor area. The environmental tempera-
ture and relative humidity were recorded by
mean of a thermocouple and a hygrometer sus-
pended at 2 m height at the center of barns 2
and 4 and connected with a data logger Babuc
M of LSI.Measurement of total nitrogen,ammonia and nitrates of slurry
The liquid suspension used in all tests was
slurry collected from the two independent pits
fitted under the slatted floor of the defecation
area in barn 2 and 4. The slurry was collected
during 3 sampling sessions at 40-day intervals.
The first set of samples was collected at 30
days from the introduction of the pigs in the
unit; on each sampling session three slurry
samples of 500 mL were taken from each of the
two collection pit for a total of 6 samples per
sampling session. The slurry was gently stirred
manually before sampling to obtain a homoge-
neous sample and was collected with a scoop
                             Article
Table 1. Qualitative and quantitative composition of the pig feed.
Component                                                                   % of the feed dry matter
Soy beans                                                                                                                      40
Barley                                                                                                                             20
Bran                                                                                                                                19
Wheat middlings                                                                                                          10
Lard                                                                                                                                 5
Levurene 3%®                                                                                                             6
Vermiculite-based feed additive                                                                           0.007
Table 2. Average live weight (LW), average growth rate (GR) and feed conversion ratio (FCR). 
                                                                                        Group A                                                                                 Group B
                                                  LW Kg ± SEM        GR g/day ± SEM      FCR                       LW Kg ± SEM         GR g/day ± SEM         FCR
March                                                                   59                                        -                            -                                              56                                          -                                -
April                                                              82.1±0.99A                       0.797±0.096               2.11                                     87±0.97B                          0.862±0.097                   2.16
May                                                                106.9±1.21                      0.590±0.007a               3.32                                   108.7±1.16                       0.518±0.008b                  3.34
June                                                               132.1±1.47                      0.682±0.008a               2.11                                   131.6±1.54                       0.617±0.008b                  2.03
A,BMeans in the same row bearing the same superscript differ significantly for P<0.01.  a,bMeans in the same row bearing the same superscript differ significantly for P<0.05
Table 3. Aerial concentration of ammonia gas and floor cleanliness assessment.
                                                              Group A                                                                                             Group B
             NH4 ppm ± SEM                                    Floor condition                                     NH4 ppm ± SEM                Floor condition
                                                          N. dirty pens                     % tot. surface                                        N. dirty pens            % tot. surface
April                   8.2±1.10                                             23                                                     57                                            7±1.11                     18                                         45
May                     8.3±1.05                                             34                                                     85                                          6.6 ±1.05                   12                                         30
June                  15.6±1.06a                                           36                                                     90                                         9.3±1.10b                  15                                         37
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placed in sealable container, the 6 containers
were labeled, and stored refrigerated at +3°C.
From each slurry sample the following 3
parameters were measured: i) kjeldal nitro-
gen: two slurry specimen of the weight of 5g
each were processed according to the method
describe in Association of Official Agricultural
Chemists (AOAC)11 by of the automated appa-
ratus Büchi 435 digestion unit; ii) ammonia
concentration was measured using a digital
ion meter fitted with a gas selective diffusion
electrode specific for ammonia detection in
water solution, according to the standard
method of AOAC;11 iii) nitrates were measured
using the high pressure liquid chromatogra-
phy (HPLC) according to the method of Perkin-
Elmer Co.,12 by mean of the apparatus HPLC
Perkin Elmer 200 Peltier Column with a stan-
dard loop volume of 10 µL UV/visible detector
at a wave length of 210 nm.Measurement of the pigs liveweight gain during fattening period
The live weight check was carried out on all
pigs of houses 2 and 4 on four occasions: the
first weight check was performed at the day of
arrival at the fattening unit and thereafter at
40 days interval, during the last weight check
the pigs were individually marked with a slap
mark on the shoulder to enable carcass identi-
fication at the abattoir. The weight check was
carried out using an analog scale (Mod. 235 of
Salter Fairmont MN-USA) fitted on a cage to
allow the individual weight check. The feed
conversion ratio (FCR) was calculated as pro-
portion of the weight of feed administered over
the 40 days interval and the pig weight gain
over the same time interval.Statistical analysis
The statistical tools used to establish the
relationship and difference between the two
groups were the ANOVA, the correlation analy-
sis, and frequency analysis by mean of the
SAS/STAT® 2000 software applying the tools
Proc GLM, Proc CORR, Proc FREQ respectively.
ResultsPig growth performance
Table 2 shows that on the day of introduction to
the fattening unit the pigs of group A (treated)
weighed 3 kg more than the pigs of group B (con-
trol) as they were 132 and 125 days old respective-
ly. However, at the weight check in April the aver-
age weight of pigs of group A was 5 kg lower
(P<0.01) than the weight of pigs in group B. In
the two last weight check of May and June the
pigs of group A showed a significant difference in
the average daily weight gain (P<0.05) however
at the third weight check in May the individual
average daily weight gain of both groups was
reduced passing from an average 800 g/day to an
average 600 g/day per pig, the FCR did not show
any significant difference between the two
groups.Environmental monitoring
Table 3 shows the mean values of ammonia
concentration in barn 4 and 2, which are all
lower than the limits (20 ppm) prescribed by
the American Conference of Governmental
Industrial Hygienists.13 During the measure-
ment carried out in June the ammonia concen-
tration in barn 4 housing the treated group (A)
was significantly higher (P<0.05) as the 90%
of the total floor surface was fouled with urine
and manure. Table 4 shows the ammonia con-
centration in the slurry of the treated group A
was significantly lower than the value of the
control group B (P=0.08) whereas the nitrate
concentration was almost doubled in the slurry
of the treated group A (P<0.01).
DiscussionPig growth performance
The average weight check at the beginning
of the trial period showed that pigs of group A
(treated) were 5 kg lighter (P<0.01) than the
pigs of group B (control), this significant dif-
ference in the first month of growth was prob-
ably due to a higher prevalence of cases of col-
ibacillosis in group A. The difference in the
daily weight gain in two out of three weight
checks (P<0.05) could be due to an increased
daily feed intake of pigs in group A however
the FCR did not show any variation between
the groups. During the trial the individual
average daily weight gain of both groups was
progressively reduced over time this can be
explained with the physiological decrease of
the daily weight gain due to the ageing of ani-
mals14 and to the progressive increase of the
ambient temperature (Table 5) creating unfa-
vorable condition for the productive perform-
ance and welfare of the animals.15Environmental monitoring
The atmospheric ammonia concentration
was higher in the barn housing pigs of group A
and the ammonia dissolved in the slurry was
significantly higher in the samples from group
B. This was due to the different excretory
behavior of the two groups of pigs.16,17 The pigs
of group A did not use the defecation area cor-
rectly causing a continuous presence of urine
and feces on the floor of barn 4 (Table 4) which
masked the possible effect of the additive on
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Table 5. Ambient temperature and relative humidity in the pig barns.
                                 Temperature                                                     Relative humidity
                          Group A                                             Group B                                     Group A                                        Group B
              °C ± SD            Min-Max              °C ± SD                 Min-Max        °C ± SD           Min-Max            °C ± SD                    Min-Max
March         21.9±2.9                  17.5-27.4                      21.0±2.2                         16.1-26.5                53±6                       38-67                         55±8                                   33-78
April            26.8±3.0                  20.4-33.4                      27.3±1.8                         22.5-31.6                75±9                       31-95                         78±7                                  61-100
May             29.0±3.1                  22.5-37.0                     29.6± 2.8                        23.8-36.2               67±15                     31-100                       72±15                                 42-100
June            29.9±3.4                  23.5-37.8                      29.0±3.2                           22-35.8                78±16                     48-100                       79±14                                 53-100
July              28.9±2.8                  23.5-36.7                      29.4±3.5                         23.0-37.4                62±7                       53-97                         58±9                                   55-96
Table 4. Kjeldal nitrogen, nitrate and ammonia concentrations in the slurry.
                                        Group A ± SEM                                  Group B ± SEM
KN g/100g                                         0.52±0.047                                                          0.52±0.047
NO3 mg/Kg                                        16.5±2.82A                                                            8.8±2.82B
NH3 mg/L                                        2952±163.37a                                                      3748±163.37b
KN, Kjeldal Nitrogen; NO3, Nitrate; NH3, Ammonia. a,bMean values in the same row bearing superscript differ for P=0.08. A,BMean values in the
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aerial ammonia undermining this aspect of
the trial. In fact, according to previous
studies,18 the aerial ammonia concentration is
directly depending on the emitting surface cov-
ered with urine. In addition the rise of the air
temperature and relative humidity contributed
to increased ammonia volatilization in both
buildings. Thus, from the data obtained, it was
not possible to understand if the dosage of the
vermiculite in the diet, as recommended by the
producer, was sufficient to bind the ammonia
and thus reduce the volatilization in the condi-
tions of this trial. The result of the chemical
analysis of slurry showed a lower concentra-
tion of ammonia in the slurry from the treated
group (barn A) whereas the nitrate concentra-
tion was significantly higher in the slurry of
the treated group (A). The lower ammonia
concentration in the slurry is likely to be the
consequence of the increased ammonia
volatilization, which occurred in barn A as well
as with an increased nitrification activity. This
increased activity is the probably the reason of
higher nitrate concentration in the slurry of
barn A and is compatible with the increase of
the bacterial activity induced by the vermicu-
lite.19 If this were the case the addition of the
vermiculite additive would be advisable in slur-
ry system allowing further efficient denitrifica-
tion, for example anaerobic-aerobic digestion
systems. However to clarify this issue further
investigation on the influence of treated ver-
miculite on the chemical pathways leading to
nitrification and denitrification in both labora-
tory and commercial conditions are recom-
mended. 
Conclusions
Analyzing the effects of the inclusion, at
very low dosage of vermiculite-based feed addi-
tives in fattening pigs, an increase in the nitri-
fication activity in the treated slurry was high-
lighted. No reduction of the ammonia emis-
sion was obtained due mainly to the experi-
mental conditions. The increased nitrification
could be exploited to improve the efficiency of
manure rendering systems, however further
investigation are recommended on the influ-
ence of treated vermiculite on the chemical
pathways leading to nitrification and denitrifi-
cation. The average growth rate of the treated
group was higher, whilst the feed conversion
rate was similar in both groups. This is of com-
mercial relevance if confirmed by further
investigations for instance by including the
vermiculite in the diet in combination with
multi stage feeding with reduced CP and ener-
gy which should reduce rearing costs whilst
maintaining carcass quality. 
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